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1 

—was tciasm^^ s tc & tzwtv fcf mest a 

■6*S£«(&i:. WE©»^«»©te«*#lEl't''Mflr11£ 
L/T. (WELfc-t*. TWOPfaftaTIWOfflW*^ 
<£"b*A/r»r»*£IHa&i*3K:, ^©n^W* — >* 

«tt©*t*MMMm»Ki, «TELfc3'f;Wli9!ffl©# 
^©«MM*m;tM^©#Btt©ftfM&*im*l 
■tt**«»UT«lJ«Stl&»lll«fa;'\y Hl:fiV»T. b9 

ih l fc 3 -r ;wi»/n ©?E^©&eMfii»m*K£ift© 

feS i 02*±j&»£T*3<^l!M§©#«tt©*« 
i»*m«R©Rrt»«;&K:Jfc^T*s<, ^ 20 

*©X<y ^ >if137 \Z <fc -5 U 7 f 7- A -71 *>X. -j 5P> 

tsa-r jmigffl ©*«tt©*i«J!a&»«-»K©x 3=- 
>^Sfcjt'<T/h^<. avp. ay*KfMfca**irELfc 
s io2&^j«^t-r*3-f^aasi«©#»ttt!!5«t«iift 

<fc. _hgBfiS»nTt. ffifI3©JtgB, T»SI«3 7© 30 
LT. SftBEbfc±«. T«©M««3 7IB©aj|BS^!&: 

*t«3'f ; w«#«tt©ai«tt<»«»«EBt+ ks« s n 

SHIAT^TS i 02^fig^t'rsn'r;vffi^ffl©^ 40 

*tt©«i«Mft»*f»WKt. iftmvtzai )imwLm<D& 

IB bfc n -f ;WlSMi ©?£tttt©*tfM&ro&*IK£l*1-© 
*«tt©*aW8»»»»l»tLT. A 1 203<£rfln/»Tj?t 

[«91©iMIII£RW] 

[0 0 0 1] 

50 



2 

[ 0 0 0 2-] 

ntv»5. t^^T. B&Efttttttcft-rsflHifire© 

H««IE»ft:©Ba*«ISS*©K:#t». «*.w«»e* 
W£S*©**J««#©*tt&«*±tfS££"bK. IB 

mx.te7* hu v^5 7-f tt^»#a©*Bia*ta«b 
t. &ttj£^ffisn©«&tttti8ft^Btt©*m^ 

g3 7, 3M8tt*m©lfiSk*K. *«&**©*£££& 
7. *«tt«»©««»Bt«*JB*k:«JiUTfP6n-5 

ifcgfi (HDD) $C*5tt-5?¥-h^?©i8S[/\-.y HtLT. 

VTRffl©|Blgii^^ KtLT^fflLT. IBSSBSfeH 
#©i^SteYb> iS«SfB»f?±©*S, ^©it^M^SS 
ZiT £ t&TZZ VT R£8fj£3-ti:J;-5 SK*fcfT 

[0 0 0 3] 0 3© (a) ««£*©— jRW&Sf»S!©l* 

Hw^iriEwss-r^BH. 03© (b) b, 

03© (a) +©A-Ai»fi[«K:*5t't*iBEWfffi0T?abo 

#«tt#»©ai«tteawwtfc«tsT*»i. 3»«tt«» 

J^f 3iP * ©^fi8tt«»©*S«itee«l^{c<J; T»)sS $ 
nriii. *fc5, 8 »^Btt«H©«l«U6ftlMt. 6 

tt^S«»©|i|^tcj;-5n-f;w?^->, 6 a. 6btt 

M37t*5. ^430 3 {C*^iT«, a-f;W©S8g86 

mrzmmmm \z£% ^tt^^mrfB l, it tmnmiz ^ 
z&mmtzmn snsxji/— *— ;v*©H**#i»bT 

[0 0 0 4] -E-bT, H3fcSttf*0-jftWa:fl»ffl 
OfRB^yHB, H»©«t3K:*^J«IBaiBi:7* 

«A^ffiSn©«AA9AlfiK3ra6ilUR«^ U»Tff ftto 

tt«rft©ffn-«>9i««»©«R^stt«m©#i«Hfitt 
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6 © <fc 5 klWROJpaj&fflfcDflini©***)**^^ 

[ooo5] -^-tiT. mmtm&Bmiz^za^ )vn? 

zttm&izu., mm<D#m&ttm<Dmmiimmm 8 © 

M8»^®tc. mmmo>mm\z^-DTm^n^±m 
m%^7 7\z*w&&&i)mw-ztiz>^t\,zt&z>. mm 

[0 0 0 6] B3*#l«bTiBfib&tt*©— 
«S©»«8«Ay K©NjB££ftftL5**IKB£['\ 

>y HtLT, m*-lZ1frm¥-3 — 5 8 3 0 S^ffitciB* 
atiT^*«t5k:. TgEemnyt, ±»aa37t. 
S&§E©_tg8, T^©M&^3 7©— ijSSBfCfiB^Bi^fif 

riEs-e-*fc*fc«»tfc«t>wi«a=i7i:, m&<o±m, t 

«©iTO»:3 7©«&^*«arrs«^«tti:. NE® 

TBB©M«^[:3 7Rg©?gR3£4>& < £ fe^/uTl^^ 

<DMWtmmmm^izwntrzM^\z. mwtttfM&tim-z 
nz>z\t (Ccfc QffimznT^z&otmi&WimoimmM 

[000 7)11 ;Rtf0 2 fit, *5B9!©*iSHttaiA v K 

©«ios©fflfpig*0*ittWLTtriS0-p*s»i, mm 
¥3-5 8 3 0 8*'jm\zmnkiiftitmmm<DBmam 

T. itlTil *#JHL.T«rBBsP3-5 8 3 0 

[0 0 0 8] 01© (a) #«&«**»©«« 1 ± 

, #Btt©*titlBlR*m&M 2 $#1 
, i»B©»Bt2±K:. ft*. 
* fcfix/ty ^ U >^tt#©*a»ri«it«fffc «fc OSttl 

TSPa^n7©^©vxi//t^->$7^ h 



4 

«-r * > t*— a s u > d/^s©#e© jgffl tc «k o mi* b 

T, t&E©«tt*SK:«i:^T?Mt2±CT*«a:i7'3£ 

^$1t-fc:RSg<£0!!3SbTI^-5. fc*5. 01© (a) 
tt, 01© (b) K£^T^£ttT^-5¥ffl0t;::fctf£> 

[ooo9]^tc. 5pbh*«0i© (b) Testis £ 

tfelCliWifH^Hl© (a) Tf*an*«fcpa:*»fc 

tlT^*T»«»a7 3A*. #mtki>k®imttm\zJ:-o 
TSKSnfcttMitcbfcftC HI2©^ett*|^^^ 

3 7 3 «^Btt©«K««B««»ffR 9 + fci»RSn&tt 
WrC* J&V3. TSWB»3T3©±ffl3&J*«tt©*l«Me» 
«fM»I)l9«»5«tHbT^Stt»i:$tlfcHl© (c) 

[0 0 10] 'AiZ. 01© (c) fc^mrn-ssst^© 
20 mrf3©mttK±fC. 09*J£Xfc:>:3- h&dj; 9 7* h 

1^3710, 1 l©^©VX^yt^->^7* hU 
fXHlfiWStT))>6, «TE©«ttillC*»-67* 

<*>t*-A* U>^©#a©Mffl»CJ;t)l^*bT» 
8&fE©ffittBHc J: r> TTSBffiB^C 3 7 3 ©ffiSSK+lfflfflga; 

37io, ii *w$Lis. j &tz.mz. mxttkOfmsm 
iz£o. Twmss.=iT3<ofm<o^mwm.^7 1 o, 1 

#£W&bT» flagH©«PH«»:37 1 0, 1 1 

©M«tt»*r»»«ti 2 4>ica»sn&ttJB'T. avp. 

*F B im»3 7 10, 11 ©Jiffi**#fflHt©f!!S«i|6&$m 

2^e.«mbT^-5«sgt$nfc0i© (d) tc 
7ht£.oi3.mttifint>nz>. 01© (d) n. m 

1© (e) lC«toT*$tlTti-5¥M0{C*3tt-5A-A 

[0 0 11] WIAiilW (e) -r*$tl-&t 

40 tt>JC*afKFfffl0^01© (d) T-^$tl^i5i^*«© 
S±tc. MZ-\$X¥>=i—bm\zJ:07*hUzSXbm 

»©7* h'J V^77^ffi*igfflbT. — > 

>^a*a«-r*ct«c«ko. meb^#Btt©ft« 

3, 1 3-S»j«$-&, ^Cl^ft9fe©#iStt©MtSS6^ 
2«fK:=i-f;u/'«^->i:»ifirr a»i 3, 1 

50 3-ia»Rtf6n&tt«©**f©±iBfc. Jk^JSfiRSEffiic 
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<£Di*«m. M7Limo>mmz&W2-&tcmz. mm 
<D#m&<Dmmmm$iwmm 1 2 ©«s^>tt« mmm.^ r 
10, 1 1 <z>3mfim&-T ; s>vim\ztiz>£o\zmm-?z> 

^^->tjk*js-r-5»i 3, 1 3 4 it 

ioTSiasftfttticinftBio (f) i;*$ti5 

cfc-p^^t^^tl^. &43. 01 CO (f) tt. II© 

(g) ICtoT^^nT^^spffiHlCiJtt-SA-A^fi: 

[0 0 1 2] ^tC. 01© (f ) (CS;$n£J:3&3S§W 10 

f^©^a£i&:g©aia^i^£^$-t*-3 
fc&lz. 3M8tt©*Mil&mm*R 1 5 £3S3£/£Jg|&ffi 

V* hUV^^&SriSfflbT, -hfflHB^nTl 6© 

»«£*rO»fc^gB#£, ^Ati-f :*>k'-AS >J >^ 20 
^©^©©J&fflfCckDI&irb-r. Miaw^tt^tCctoT 
JigMSSSiinT 1 6 S»fiJES-&&*fc, M*.ttJ|gj$gt& 
WfCfcD. ±31^3 7 1 6 At, IHSttftflUfiflttmc 
ioT«a§:£*ifctt^lcbfc«HC. #jra*Mft*UMm 
K*ms&±;&t 0 -r^-58&tfS:OTgbT. fl9fB©-kgH8 

^37 i 6 fimm&<D$k®jimttmmm 1 

tt&ttjB'r. ^O. Jig&fi&^riTl 6 ©_hMat#figt£© 

1© (h) tc^-r«fc5^«At#e,n-5< > Bat3©Eii© 

(h) £*?"*#©£«£# bTJ*2j^ttW*JBV» 30 
[0 0 13] 

a-r;i/CD^iHifc^^.<-rs^i:75t^t$ti?)„ -^b 
mmiz^^m^.<D^-r)w^—>izjz-oxm^n 40 

-5. Mm<D£?lzMmVi<Dn-1 )W'l5> — >\z£r>TJ&f$. 

znzmmzi-i ^n©#ii]its£;A:#< utml 

n-f;H£tn;*/h$<T#2.dt. IBft^t 
[fiJ-h-T-sat, n-f;KDfitt«^:€f<S:*. » 

T*Tt>, a#fcS/N©HJ;fc«#;»M»&ns«J:3fc# 50 



6 

use &#-r* a -r ;p*t^ t $ . 

[0 0 14] 0Ux.fc£. VTRTI1 K@W£®«©&,S 

*ai§l»£ffl«n?, 0eF^>XSr^LTm^cDii§at 

>£— ^>*/^X£ffi«$*-5&£©fc«>fc:. ffiSE© 

SftS. WBH8$t"ity F©3-f^Tll Aft 

n-oncifc-cr. -IRK. W®«dt^i|iic/JNS<. £fc 
SSitej&tiiSV* 
[0 0 15] ^-tlT. ^^e^e^Cx^ FlC&l^ 

-f ;H£fl£ffiSvffc-r*;fcJ&K:. flf*.fci3#Bg¥3 — 2 3 5 2 
1 l^«JC^$tlTV^«tp^St>»^$tlX^ 

[0016] a-f^dMSEFsns^Bsn 

a-r;Hiatiaa^fe©ic^:-2)^6. S£* 

©CtfctfSn^oSttttjWaKfc*. j&tttt 

□-fjH/jwisnftn. wt. Bfie©#E**«b. 

A^o. «VittJftii©a-f;p*«lBjES-&*— *j5fei:bT, 

fc^{C«^-r-5>di:fefT^t)tiT*fc. b*^b. WIB© 
±3K*R©*Kn-f;WS*RK«fcfcttttfcb. WIS 
©»^3-r;i/$jfi^ijfcSi^-rsc:t{c«toT. tt^&«t 
«T?0fft©#ig»swr-6 a-f 

tt. S«S©CtS:*«6«fPxajR««*<!teD, *fcS D c 6 
©$H39ft<li<&:«. 
[0 0 17] #lc. MRBXAvHO^iOa. 

ttv»fiK:, ^a-r;p©g{fl;xig©^@o«»Pfi8m / \ 
■y F©tt£*«DK:*SfcjB»£ft«^C£**&. 
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©7* h'jy^77^-ffi. X^fiJc$ii£^£2S/8LT. 
«*lf ©ifSt a -f ;U £«£il L ^ £ -fr £ |& ic £ £ 3 ifcS 

©§Jfm©i&-&#g 0 tc^c# < f5#T£ £ ^ -5 ^ <!: 
©£P B Wc, m^©#0i£©-ll©a^;u£{g^igiri{i 

[0 0 18] ^-LT/i£j©<i:3lc, n-f^cDSfixffl^ 

s^e.. #»M8tt©»«^tm»igt;:^=K;pjii£^ 
Tfe. ^ma<Dmmmmmnmm 1 2*©=k;w^- 

>tttJ&:LTiS!tt-2>$tl 3, 1 3~£as#K:Si^fc©lc 
3, 1 3-Sr^^<Pj5X$i±S©{Cia. 'J7^r-f^ 

-ft>iyf>^i;io T^att ©&tttl*ea*m *K 

fi8tt©*«$6^«^»)P 1 2*fcl^j££*lfc«©JBM*ai 
[0 0 19] H>rfB©cJ;-5^:*frfC-&5^mtt©*i«i*fe^ 

flHMMm*N£f«r). s i 02*±*»tt5#«tt 

©M&&igfcf*fcHflBlt;:. 70P*-*>fC9M^fflI 
•y ? > i7*#X V>T 'J 7 9 "r ■< K * >X y 5P > ifm 

WWISil 2tlTffl05tX5S i 02S-±fi£^i-r-5 
IH^raaHMfifttmfflRfi:. A0F&#tt©»i,»aiSJi 

e>, Bfifabfcs i o2^^t-r-5*mtt©*sa«fi^ 

-f >/ 5 P*-t - h;Hgt V>5 J: 5 &*:#fcffiSlg 

mtiwrnfrz. ifc. s i o2©i»^si#^ctt, 5—1 

lffr«.-fc/hSVHBTa&.5. &:J3. 918^7 K 

[0020] -e-m?, tt£©j:5K:#tti£©feWj&fttt 

*WMB£UT. S i 02£±j$#<ht-£#G8tt©&l&*e 
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[0 0 2 1] 

», T»©S«an7©— SB»fc«ft!SISl*#|jjES-tt-S 
&»K:»W-fc+IH««aTt. IWE©±«, T8B©Mfi8 

«g;nTra©^m^ii>^:< tfe^-e^s^wssrtt, 
m^© 3 ^ w - > swr-s 3 -f )v&#m&<Dmmm 

ifcic. •«flc«»3&«5&«sn*2:tK:«fcO»rie©a'f 
^ - > * ^ -f ;ptf?H^© *tfM8fttm*ffi 

*K«J$$n5«fc5&»£fi!;lTt>TS i 02^^^ 

12 b fc 3 -f ;m«Mf ©3Mra©*ttMe^ttfftt£l*-© 

m&sw KC&^T, B5fBbfcn-f;i/^ffl©#«tt© 

Jl«a^©IN8tt©tMIS^»nR©RAffiiSAicJt 

30 ;i^Rffl©^tt©«l«Me»Hff!9R©MtflS«ftJ:D 

[0 0 2 2] 

[ffum n^;i^Rffl©^tt©ti«ifiR«m]iiie^i. 

©*«tt©*«l8»WH»KtbT. Kl«9««A^lte 

L7tS i 02Sr^7>frsn'f;i^ffligffi©^mtt©SS 
S*6«i«^»K©artgS^?j{Clt^T/jN5<. * 
m & © X >y y if ii X tC <fc i, U T ^ "r 4 ?^ ~t > X y ? 
40 >im<DX.^>ifm,Btffi. MfBLfcS i.02*^J5g7> 
iT*=i'f;k««ffl©*«tt©»l«l8»W*Hfil©Xy 

fcS i 02&±J56»fT<&3'f ;US»ffl©#«tt©j||« 
lfifl^»lVM©SlftKKffiftJ: *) t)#Stt»«RHSfi«!) 
JRWKffftl^iS('^a«^^Btt©«iflM&IMir»l«IK$ 

©jfcWiiaBkWftWitw-r^T*. s i o2&±j$^&-r 

«IM81£©ft«lfi»im*R&b&«dlcH:^T. JEtS 
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[0 0 2 3] 

[^flaj] HT. 8stt0®£#BaLT#^BJ©iWimia 
■BKa^y K©*l»©»fPlS**LTV>*BT?**. 

*8w©»ibb«^ kh. i ±k, 

T9H8«3 73t, ±MM3 71 6t, *HB©±ffl, 
T»OIS««b 73, 16 ©— *»K«Sa»IRS«J«£ 

»©««a37 3 , i6 ©flaws ssMt-r 2>m-&m?& i 

T, mff2UfcJigB ( T«©W«a3:riKI©g»ra£^fc< 
T'S^'f JH 4tf?iM8f£©^fifl^f*itKl 2 tncffl 
s n* i - i fc ± 0 WJt-© 3 ^ — >^tt 

;pji«#«tt©«iattfii»«»»it 1 2 ^izmfotsti 

S J; 3 &8J 1 3 SiATl^a -f JUSfgffl ©#M6Btt©» 

ifegtTOiii^ t, «KBbfca-f;wa«ffl©*»tt 20' 

R 2 , 9 , 15 , 17 £tf»Bf K©<fc 5 CiIbT«$ 
tlT^S. 0HAfc£01© (h) Jfct£0 2© (i) ©»r® 

0 fc«fc T«***xT t <fc 5 ftftRO&'s y H irfe v> 
T. i»E b tic J: DBft£© 

3 -r ^ - > £#-r a 3 -r jw*#»t* osmmmmm 
mmi 2ft>\zmi3L2tiz>£.5&mi 3^tt^.Tv^n-r 

;WSRffl©#«tt©*SM6»tt»»K 12li, S i 02 

S^»tr*^WBtt©lll«tt6Btim»Bt*«V», * 

&, *Cbfca-f;HSI!MB©*«tt©*t««|»«»S»IB 30 

1 2K^©#SM4©M«^#&«R2, 9, 15, 1 

-ra 3 -r;wi»ffl ©#««©*««»«»»« 1 2©r 
<omm<ommKmtmmm 1 2©x>y?>^ig«tcjt 

^T*3<. fRtBRffiStftffiGLfcS i 02££ 

^tt53-f ©#N&tt©M«3&»*W»R 1 

2 ©MBHffift J: 0 fe3H8tttt*ra82^©MBKflMK 40 
fciEV»M&*-r#«tt©**M6»#»©l*«l («Atf A 

1 203©iHR) SfflViTWjsKbft: t>©T**. 
[0 0 2 4] SI© (h) l:SanTViSi5)5: 

«J«««©»W«»'\y H £ LT*%W©I1IMa 7 

^©tfeD-raba. BlC^tlHilliaaA^Hfl) 

&i£fttm8©£K) T&D. flffle©?lMtttt4mS©£ 

fel tLTBCaT i 0309X77 (SfdJBaTi 
030X7 7, *fctt*'-SVW4A 1 203-T i Ctt©7 50 
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177) -€-©ftS©«^&jgS7a:»^SS?bTfflVi<5 
{&*5> 02© (i) IC*£*1T^& <fc? 

tt««Ji«©aM(HB»^v F»-*w*#«e*m«©a 

«l©tf»tLTt). *5iB©»»*ffl«r»*^t*«Tf# 
S) . 

[0 0 2 5] 01© (a) Kl7S3ftT^sa«l te> 04 
*«C aT i 03©«t3a:*«tt«»«©a«T?»S. 

^U>^?*3?©K?£j&RftW£fflV : >T, 09*J;flMm~ 
10 ym0lf©A 1 203©»K<£> «tt©*ia*fiigt 

tmnm 2 1 LtMsts. sfriB©»R 2 ©«&#«. 

tttti. A 1 203. ©ffllCT i 02, Zr02^©^m 

tt©*s*«»*m©i>3*» & aaa:#»3j»a*{«ffl snt 

J:H. XA°-y^'J>^iC.J;oTA 1 203©*R«j$R 
f^CiC, J5gR^F*3©7;i-=f'>:#Xffi£: 5 5 U T o r r 
tU 5-f>W-^7hSi^T, 1 KW©i*5; 

^tBTfiEM^ff^ofct^t'. J5£R£*l7iA 1 
203©}WR©ffi!f Jfc^fct, 3 *+©A*^-f >/¥ 

^'J>^j*fCJ:oTT i 02©WHt*ri6«t-rs©fc, 
R^F*3©7;i'rf >#Xffi£r 15SUTorrtL 6-f 
>?©^-y'7 h^ffl^T. 0. 6KW©S*j£«l& 

^fi-r^lB*ffJS:ofct#t. j£Ri*nfcT i 02 
©ffR©ffiM^^», 7 *»tt*+©A*^-f 

[0 0 2 6] ■gBfi©«fc-5fcbTa«l Jifc»J«*-a-itA 
1 203©!9Rfr&&«#^©*!Hni8*tm?*R2±K 

tt, 01© (a) tp(D3-C^tl^oUTm^.ti7 

Qf&m&.m&mmi'T. swel&a r 203©ttR#v&& 

£?M8tt©*&Klfitt*m*R 2 ©±Hfc:«ttRS*j«S 

ttKL;fc«ttRtt. Wi«Co)|S<!)7Wr 
X. FeTaN&fOiKM^ffifflLT. 0Utfc£4 u 
m~5 Mm©R0©fc©<hJgi&£tl£. ^tCv BtrfB©fiS 
ttR©.^®fCl. ^JA^Xlf >3-hffitcJ;D. 7*hl/ 

fi»Jx.«, *M^-fb (t*) fi©OFPR-8 0 0^ffl 

[0 0 2 7] -tUT, »B<!)7*H/yxMI:tt. JQ 
«l©7th 1 Jy^77>fi*lffll, 7*hk^H 
{C^T^^, S««iffl*liT, T«8«37 3 0)WR 

© F5-f x^^>^K©jgfflC«tr)SS5*bT, *«I 
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(54) THIN-FILM MAGNETIC HEAD 

(57)Abstract: 

PURPOSE: To drastically decrease compressive stresses and to 
eliminate defects, such as peeling of insulating films and crack of 
substrates, by forming a thin-film magnetic head by laminating 
nonmagnetic inorg. insulating material thin films for embedding 
coils essentially consisting of Si02 and nonmagnetic inorg. 
insulating material thin films exclusive of these thin films. 
CONSTITUTION: This thin-film magnetic head has a lower 
magnetic core 3 and upper magnetic core 16 on the substrate 1 
consisting of a nonmagnetic material and an intermediate core 10 
disposed to constitute a magnetic gap at one end of both upper 
and lower magnetic cores 3, 1 6. A conductor material is packed 
into the space part including a coupling magnetic path 1 1 for 
connecting the other ends of both magnetic cores 3, 1 6 and the 
space part including the space between both magnetic cores 3 
and 16 around the position of the coupling magnetic path 1 1 as 
the winding central position in such a manner that the coil 14 
having a prescribed coil pattern is disposed to be embedded into 
the nonmagnetic inorg. insulating material thin films 2, 9, 12. The 
magnetic head has such grooves 13 in which the coil 14 having 
the prescribed coil patterns 6 is constituted in the nonmagnetic 
inorg. insulating material thin films. The nonmagnetic inorg. 
insulating material thin films 12 for embedding the coil essentially 
consisting of the Si02 and the nonmagnetic inorg. insulating 
material thin films 1 7 exclusive of these thin films 1 2 are 
laminated to constitute the thin-film magnetic head. 
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CLAIMS 



[Claim(s)] 

[Claim 1] On the substrate made from non-magnetic-material material, it is a lower magnetic core. Up 
magnetic core The middle magnetic core prepared in order to make the aforementioned upper part and the 
end section of both lower magnetic cores constitute a magnetic opening The joint magnetic path which 
connects the aforementioned upper part and the other end of both lower magnetic cores A coil pattern 
predetermined to the space circles which include the space between both the magnetic cores of said upper 
part and lower part at least by making the position of the aforementioned joint magnetic path into a winding 
center position As nonmagnetic inorganic insulating material thin films other than an inorganic insulating 
material thin film nonmagnetic [ for coil laying under the ground which is the thin film magnetic head 
equipped with the above, and was described above ] Compared with the film internal stress of the 
nonmagnetic inorganic insulating material thin film for coil laying under the ground which makes a principal 
component Si02 which film internal stress described above, are small. Moreover, the etch rate at the time of 
the reactive ion etching by the etching gas of a fluorine system Compared with the etch rate of the 
nonmagnetic inorganic insulating material thin film for coil laying under the ground which makes said Si02 a 
principal component, are small. And it is characterized by constituting from a coefficient of thermal 
expansion of the nonmagnetic inorganic insulating material thin film for coil laying under the ground which 
makes a principal component Si02 which the coefficient of thermal expansion described above using the 
nonmagnetic inorganic insulating material thin film which shows the value near the coefficient of thermal 
expansion of the substrate made from non-magnetic-material material. 

[Claim 2] On the substrate made from non-magnetic-material material, it is a lower magnetic core. Up 
magnetic core The middle magnetic core prepared in order to make the aforementioned upper part and the 
end section of both lower magnetic cores constitute a magnetic opening The joint magnetic path which 
connects the aforementioned upper part and the other end of both lower magnetic cores A coil pattern 
predetermined to the space circles which include the space between both the magnetic cores of said upper 
part and lower part at least by making the position of the aforementioned joint magnetic path into a winding 
center position It is the thin film magnetic head equipped with the above, and is characterized by constituting 
using aluminum 203 as nonmagnetic inorganic insulating material thin films other than an inorganic insulating 
material thin film nonmagnetic [ for said coil laying under the ground ]. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the thin film magnetic head. 
[0002] 

[Description of the Prior Art] Since record of the information signal to a record medium and reproduction of 
the information signal from a record medium can be performed very easily, the magnetic-recording playback 
system is widely adopted as a means of record reproduction of the information signal in many technical 
fields. By the way, while raising the machine precision of each component of a magnetic recorder and 
reproducing device in connection with the request of the formation of high-density record of the information 
signal to a magnetic-recording medium becoming strong, what has truck width narrow also as the magnetic 
head used for record reproduction came to be used. On the occasion of high-density record reproduction, as 
mentioned above so that it may become the remains of record of very narrow record **** record an 
information signal or As the magnetic head used in order to reproduce an information signal from the remains 
of record for example, the photolithography method and various kinds of membrane formation technology — 
applying — each composition — a member — in the state where a mutual electric insulation is performed by 
the nonmagnetic inorganic insulating material thin film The coil pattern according to a substrate top to a 
lower magnetic core, the insulating thin film of a non-magnetic material, and the thin film of an electrical 
conducting material. The thin film magnetic head of the common knowledge composition made by carrying 
out a laminating one by one the insulating thin film of a non-magnetic material, an up magnetic core, the 
insulating thin film of a non-magnetic material, etc. as the risen [ to surface ] type magnetic head for 
example, in a fixed-disk driving gear (HDD) It had used widely from the former, and also the thin film 
magnetic head is used as the rotation magnetic head for VTR, and the attempt which is going to make it 
constitute VTR which can fill many requests of realization of high-definition-izing of a record reproduction 
picture and high-density record reproduction etc. came to be performed. 

[0003] (b) of the plan showing the example of composition of the thin film magnetic head of the conventional 
general induction type and drawing 3 (a) of drawing 3 It is drawing of longitudinal section in the A-A line 
position in (a) of drawing 3 , and sets to drawing 3 . 1 A substrate, The ground film by the inorganic insulation 
thin film of a non-magnetic material which made 2 put on a substrate 1 , the lower magnetic core in which 3 
was formed of the magnetic material, and 4 are magnetic openings (magnetic gap), and this magnetic opening 
4 is constituted by the inorganic insulation thin film of a magnetic opening size and the corresponding 
non-magnetic material of thickness. Moreover, it is the up magnetic core in which the coil the inorganic 
insulation thin film of a non-magnetic material pattern [8/5 and ] / according / 6 / to the thin film of an 
electrical conducting material, and 6a and 6b were formed in of the edge of a coil, and 7 was formed of the 
magnetic material. In addition, in drawing 3 , illustration of the through hole prepared in the protective coat by 
the insulating thin film which covers the path cord by the thin film of the electrical conducting material 
connected to the edges 6a and 6b of a coil, the upper part portion of the up magnetic core 7 shown in 
drawing 3 , and the protective coat by said insulating thin film is omitted. 

[0004] And the thin film magnetic head of the conventional general induction type shown in drawing 3 as 
everyone knows — vacuum membrane formation technology, photolithography technology, and an etching 
means applying — each composition — a member — in the state where the mutual electric insulation is 
performed using the insulator layer It is made by the substrate 1 on which the substrate 1 or the ground film 
2 by the inorganic insulation thin film of a non-magnetic material is put by carrying out the laminating of the 
thin film of a magnetic material, the thin film of an electrical conducting material, the inorganic insulation thin 
film of a non-magnetic material, etc. one by one in a predetermined pattern and predetermined sequence, by 
the way, the composition which is irregular in the thickness direction of a thin film like the coil pattern 6 in 
case the laminating of each composition member by the thin film is carried out one by one and it goes — a 
member — the composition in which the thin film was put on the front face of the thin film upwards when a 
thin film was made to put with membrane formation technology upwards — the influence of the irregularity of 
a member appears 

[0005] then, when vacuum membrane formation technology like a vacuum deposition method or the 
sputtering method is made to constitute the inorganic insulation thin film 8 of a non-magnetic material on 
the coil pattern 6 by the thin film of an electrical conducting material Since the shape of toothing of the coil 
pattern 6 by the thin film of an electrical conducting material appears in the front face of the inorganic 
insulation thin film 8 of the aforementioned non-magnetic material, the shape of toothing will be imprinted by 
the up magnetic core 7 constituted by the front face of the inorganic insulation thin film 8 of the 
aforementioned non-magnetic material by the thin film of a magnetic material. As mentioned above, when the 
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magnetic film which shows soft magnetic characteristics is made to form on the field which shows the shape 
of toothing, in order that said soft magnetic characteristics of a magnetic film and permeability may carry out 
a ******** fall, record of the thin film magnetic head and reproducing characteristics are made to fall 
extremely inevitably. 

[0006] As the thin film magnetic head which can solve the trouble of the thin film magnetic head of the 
conventional general induction type mentioned already with reference to drawing 3 , as indicated by 
JP,3-58308,A The middle magnetic core prepared in order to make the end section of a lower magnetic core, 
an up magnetic core, and both the magnetic cores of the aforementioned upper part and the lower part 
constitute a magnetic opening, The position of the joint magnetic path which connects the aforementioned 
upper part and the other end of both lower magnetic cores, and the aforementioned joint magnetic path is 
made into a winding center position. The space between both the magnetic cores of said upper part and 
lower part to the space circles included at least The thin film magnetic head of the induction type of a 
composition mode which is constituted by filling up with conductor material all over the slot which the coil 
which has a predetermined coil pattern prepared into the nonmagnetic inorganic insulation thin film is 
proposed. 

[0007] Although drawing 1 and drawing 2 are drawings which are giving illustration explanation of the 
manufacture process of the outline of the thin film magnetic head of this invention the composition of the 
thin film magnetic head, since it can be used also for explanation of the manufacture process of the outline 
of the thin film magnetic head proposed [ which was indicated by JP,3-58308,A ], if the difference in the 
material of construction of a member is removed It is as follows when the manufacture process of the 
outline of the thin film magnetic head proposed [ which was indicated by JP,3-58308,A mainly with reference 
to drawing 1 ] is described hereafter. 

[0008] Vacuum membrane formation technology, such as a vacuum deposition method or the sputtering 
method, is used for (a) of drawing 1 on the substrate 1 made from a non-magnetic material. After making the 
nonmagnetic inorganic insulating material thin film 2 constitute, on the aforementioned thin film 2 For 
example, a magnetic film is made to form with vacuum membrane formation technology, such as a vacuum 
deposition method or the sputtering method. Subsequently, on the aforementioned magnetic film, make a 
photoresist layer form for example, by the spin coat method, and the well-known photolithography method is 
applied to the aforementioned photoresist layer. After making the mask pattern of the configuration of a 
lower magnetic core form by the photoresist layer, application of meanses, such as for example, ion beam 
milling, removes the portion which is not covered with the photoresist layer in the aforementioned magnetic 
film. The state where the lower magnetic core 3 was made to form on a thin film 2 by the aforementioned 
magnetic film is illustrated. In addition, (a) of drawing 1 is drawing of longitudinal section in the A— A line 
position in the plan shown by (b) of drawing 1 . 

[0009] As opposed to a material while a plan is shown by (b) of drawing 1 , as drawing of longitudinal section 
indicated to be by (a) of drawing 1 next, with for example, vacuum membrane formation technology If the 
portion in the aforementioned nonmagnetic inorganic insulating material which is rising is ground after the 
lower magnetic core 3 currently formed on the thin film 2 changes into the state where it was laid 
underground by the nonmagnetic inorganic insulating material A material as shown in (c) of drawing 1 which is 
in the state where the lower magnetic core 3 was laid underground into the nonmagnetic inorganic insulating 
material thin film 9 and by which the upper surface of the lower magnetic core 3 was made the state where 
it had exposed from the nonmagnetic inorganic insulating material thin film 9 is obtained. 

[0010] Next, a magnetic film is made to form with vacuum membrane formation technology on the field of the 
material shown in (c) of drawing 1 . Subsequently, on the aforementioned magnetic film, after making a 
photoresist layer form for example, by the spin coat method, the well— known photolithography method is 
applied to the aforementioned photoresist layer. After making the mask pattern of the configuration of the 
middle magnetic cores 1 0 and 1 1 form by the photoresist layer Application of meanses, such as for example, 
ion beam milling, removes the portion which is not covered with the photoresist layer in the aforementioned 
magnetic film. After making the middle magnetic cores 10 and 11 form in the ends of the lower magnetic core 
3 by the aforementioned magnetic film, with for example, vacuum membrane formation technology After the 
middle magnetic cores 1 0 and 1 1 of the ends of the lower magnetic core 3 change into the state where it 
was laid underground by the nonmagnetic inorganic insulating material, the portion in a nonmagnetic inorganic 
insulating material which is rising is ground. A material as shown in (d) of drawing 1 which is in the state 
where the aforementioned middle magnetic cores 1 0 and 1 1 were laid underground into the nonmagnetic 
inorganic insulating material thin film 12 and by which the upper surface of the middle magnetic cores 10 and 
1 1 was made the state where it had exposed from the nonmagnetic inorganic insulating material thin film 12 
is obtained. In addition, (d) of drawing 1 is drawing of longitudinal section in the A-A line position in the plan 
shown by (e) of drawing 1 . 

[001 1] Next, on the field of a material while a plan is shown by (e) of drawing 1 , as drawing of longitudinal 
section indicated to be by (d) of drawing 1 For example, after making a photoresist layer form by the spin 
coat method, the well-known photolithography method is applied to the aforementioned photoresist layer. 
After making the mask pattern which has a coil pattern form by the photoresist layer, by applying a dry 
etching means, using a mask pattern The slot [ be / under / said nonmagnetic insulating material inorganic 
thin film 12 / correspondence / it ] 13 and 13 — are made to form with a coil pattern. Subsequently, all over 
the material in the state where the slot [ be / under / nonmagnetic / above / insulating material inorganic 
thin film 12 / correspondence / it ] 13 and 13 — were prepared with the coil pattern If it grinds so that it 
may be in the state where the front face of the aforementioned nonmagnetic inorganic insulating material 
thin film 1 2 and the front face of the middle magnetic cores 10 and 1 1 are exposed after making the thin film 
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of an electrical conducting material, for example, copper, put with vacuum membrane formation technology A 
material as shown in (f) of drawing 1 which it changed into the state where the electrical conducting material 
14 was filled up with the coil pattern in said nonmagnetic inorganic insulating material thin film 12, the 
corresponding slot 13, and 13 — is obtained. In addition, (f) of drawing 1 is drawing of longitudinal section in 
the A-A line position in the plan shown by (g) of drawing 1 . 

[0012] Next, in order to make the magnetic opening section of magnetic predetermined opening length form 
in the front face of a material as shown in (f) of drawing 1 After making vacuum membrane formation 
technology constitute the nonmagnetic inorganic insulating material thin film 15 A magnetic film is made to 
form with vacuum membrane formation technology on the field of the aforementioned material, subsequently 
on the aforementioned magnetic film For example, after making a photoresist layer form by the spin coat 
method, the well-known photolithography method is applied to the aforementioned photoresist layer. After 
making the mask pattern of the configuration of the up magnetic core 1 6 form by the photoresist layer, 
application of meanses, such as for example, ion beam milling, removes the portion which is not covered with 
the photoresist layer in the aforementioned magnetic film. After making the up magnetic core 16 form by the 
aforementioned magnetic film, with for example, vacuum membrane formation technology After the up 
magnetic core 16 changed into the state where it was laid underground by the nonmagnetic inorganic 
insulating material, where it ground the portion in a nonmagnetic inorganic insulating material which is rising 
and the aforementioned up magnetic core 1 6 is laid underground into the nonmagnetic inorganic insulating 
material thin film 1 7 And a material as shown in (h) of drawing 1 by which the upper surface of the up 
magnetic core 1 6 was made the state where it had exposed from the nonmagnetic inorganic insulating 
material thin film 17 is obtained. A nonmagnetic inorganic insulating material thin film is made to form as a 
protective coat using vacuum membrane formation technology to the whole surface of a material shown in 
(h) of aforementioned drawing 1 . 
[0013] 

[Problem(s) to be Solved by the Invention] Now, in order to constitute the thin film magnetic head of an 
induction type from which high power is obtained, to make [ many ] the number of winding of a coil is needed. 
And the coil of said thin film magnetic head is formed with the spiral coil pattern by the thin film of an 
electrical conducting material in the limited space which should be used focusing on the connection section 
of a lower magnetic core and an up magnetic core for formation of a coil. Although the thin film coil formed 
with a coil pattern spiral as mentioned above can make coil resistance small when winding width of face of 
that is enlarged and is constituted, magnetic-path length serves as size and it reduces head efficiency. 
Moreover, resistance of a coil becomes large, although head efficiency will improve contrary to the above, if 
winding width of face of a coil is made small and constituted. By the way, although many properties of it 
differing according to the use of the thin film magnetic head needed by the thin film magnetic head are 
natural, even if it sees about the thin film magnetic head used for what use, the coil which has the number of 
winding from which the output signal of good S/N is obtained is needed. 

[0014] For example, its attention came to be paid to the thin film magnetic head which is excellent in 
high-density record reproducing characteristics, the RF property, etc. about the aforementioned point 
although the highly efficient magnetic head which can fill many requests of realization of high-definition-izing 
of a record reproduction picture and high-density record reproduction etc. with VTR was needed. And in the 
magnetic head for VTR used as the rotation magnetic head, transmission and reception of a signal are 
performed through a rotation transformer between the electrical circuits prepared in the fixed portion of 
VTR. And through the aforementioned rotation transformer, the transmission characteristic of the signal of a 
low frequency band is made good, or it is needed for reducing a head impedance noise etc. that the coil of 
the aforementioned thin film magnetic head has low direct current resistance. However, generally compared 
with the coil which made the wire rod wind and constitute from a coil of the thin film magnetic head like the 
bulk head of common knowledge composition, the cross section becomes what has high resistance sharply 
small. 

[0015] Then, a means which is indicated by JP,3-23521 1,A in order to form into low resistance the coil 
which consists of the former by the coil pattern by the thin film of an electrical conducting material focusing 
on the connection section of a lower magnetic core and an up magnetic core in the thin film magnetic head 
is also proposed. That is, it is the solution of making large coil width of face of the coil which consists of coil 
patterns by the thin film of said electrical conducting material toward the periphery section from the inner 
circumference section. By the way, in order to obtain the thin film magnetic head of the high efficiency made 
to be equipped with the coil of the predetermined number of winding, without changing magnetic-path length 
and to make the thin film coil of low resistance form utterly, the means generally adopted from the former 
was a thing of making a multilayer constitute a coil pattern with big coil width of face in the limited space 
where a coil should be wound. 

[0016] That is, when coil with the much more predetermined number of winding is made to form in the space 
of a limited area around which a coil should be wound, since coil width of face becomes a narrow thing, the 
resistance of a coil becomes high with a natural thing. In order to obtain a coil with low resistance, when a 
coil with big coil width of face is made to form in a limited area on the other hand, only a coil with few 
winding is obtained. Then, on the other hand, constituting the thin film coil which has the big coil width of 
face which it has [ width of face ] the predetermined number of winding, and makes the coil of low resistance 
constitute in the state where it put upon multi-stage has also been performed as law. However, in making the 
coil which has the number of winding predetermined with low resistance by changing into the state where 
two or more thin film coils were put on multi-stage as mentioned above, and connecting the aforementioned 
thin film coil in series constitute, the number of manufacture processes increases with a natural thing, and 
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the yield of a product becomes bad. 

[0017] Since the yield of the manufacture process of a thin film coil has big influence on the comprehensive 
yield of the thin film magnetic head so that it is not an overstatement, although especially the yield of the 
thin film magnetic head is dependent on the yield of the manufacture process of a thin film coil, the 
well-known photo lithography method, the vacuum forming-membranes method, etc. are applied, and the fall 
of the yield produced in case the thin film coil of two or more layers is made to repeat and form poses a 
serious problem. And as mentioned above, since it says that the yield in the manufacture process of a thin 
film coil influences greatly the comprehensive yield at the time of manufacture of the thin film magnetic 
head, if coil with the much more predetermined number of winding is made to go out by formation easily in 
the state of low resistance in the space of a limited area prepared to arrange a thin film coil, a big merit will 
be obtained. 

[0018] And as everyone knows, since it is in inverse proportion to the cross section of the lead wire used for 
the composition of a coil, if it can constitute a coil with the big cross section of lead wire even if it makes a 
deep coil slot drill in a nonmagnetic inorganic insulating material thin film and coil width of face is small, even 
if the resistance of a coil is the coil of a configuration much more, it can also make a coil with low resistance. 
Then, also in the proposed thin film magnetic head explained with reference to drawing 1 , it is required that 
the slot 13 prepared corresponding to the coil pattern in the nonmagnetic inorganic insulating material thin 
film 12 and 13 — should be made deep enough, and the coil constituted by the electrical conducting material 
14 with which the slot was filled up should be used as a coil with low resistance. Making the slot 13 for 
making the nonmagnetic inorganic insulating material thin film 12 constitute a coil with the big cross section 
of lead wire as mentioned above and 1 3 — constitute efficiently is expected for the configuration of the slot 
formed into the nonmagnetic inorganic insulating material thin film 1 2 of etching to be good not to mention 
dry etching of the component of the nonmagnetic inorganic insulating material thin film 12 being carried out 
by the high etching rate by the reactive-ton-etching method. 

[0019] As a nonmagnetic inorganic insulating material thin film suitable for the above conditions To the 
nonmagnetic inorganic insulating material thin film which there is a nonmagnetic inorganic insulating material 
thin film which makes Si02 a principal component, and makes Si02 a principal component If dry etching by 
the reactive-ion-etching method is performed using the etching gas of fluorine systems, such as 
fluorocarbon The trench of a good configuration can be made to form in the nonmagnetic inorganic insulating 
materia! thin film which makes a principal component Si02 used as a nonmagnetic inorganic insulating 
material thin film 12 in comparison for a short time. However, when the nonmagnetic inorganic insulating 
material which makes said Si02 a principal component forms it by the vacuum deposition or the sputtering 
method, big compressive stress which is said in ninth power the about dyne/square centimeter of 10 applied 
to the thin film after membrane formation 1-5 is added. Moreover, the coefficient of thermal expansion of 
Si02 is the seventh power of minus of 10 to apply 5-10, and this is a value small 1 or more figures compared 
with the coefficient of thermal expansion of the metal magnetic film generally used by the thin film magnetic 
head. In addition, what has a coefficient of thermal expansion near the coefficient of thermal expansion of a 
metal magnetic film from the former as a substrate of the thin film magnetic head is used. 
[0020] then, other composition which constitutes the thin film magnetic head as a nonmagnetic inorganic 
insulating material thin film as mentioned above when the nonmagnetic inorganic insulating material thin film 
which makes Si02 a principal component is used — since many problems, such as degradation of the 
magnetic properties of film exfoliation, a substrate crack, and a magnetic film, arose because of the 
difference with the compressive stress of a member, and the difference of a coefficient of thermal 
expansion, the solution to was searched for 
[0021] 

[Means for Solving the Problem] this invention on the substrate made from non-magnetic-material material 
A lower magnetic core and an up magnetic core, The middle magnetic core prepared in order to make the 
aforementioned upper part and the end section of both lower magnetic cores constitute a magnetic opening, 
The position of the joint magnetic path which connects the aforementioned upper part and the other end of 
both lower magnetic cores, and the aforementioned joint magnetic path is made into a winding center 
position. So that it may be in the state where it is prepared in the space circles which include the space 
between both the magnetic cores of said upper part and lower part at least at the state where the coil which 
has a predetermined coil pattern was laid underground into the nonmagnetic inorganic insulating material thin 
film The nonmagnetic inorganic insulating material thin film for coil laying under the ground which is equipped 
with a slot where the coil which has a predetermined coil pattern by filling up with conductor material is 
constituted in a nonmagnetic inorganic insulating material thin film, and makes Si02 a principal component, In 
the thin film magnetic head which nonmagnetic inorganic insulating material thin films other than an inorganic 
insulating material thin film nonmagnetic [for said coil laying under the ground ] consisted of by carrying out 
a laminating As nonmagnetic inorganic insulating material thin films other than an inorganic insulating material 
thin film nonmagnetic [ for said coil laying under the ground ] Compared with the film internal stress of the 
nonmagnetic inorganic insulating material thin film for coil laying under the ground which makes a principal 
component Si02 which film internal stress described above, are small. Moreover, the etch rate at the time of 
the reactive ion etching by the etching gas of a fluorine system Compared with the etch rate of the 
nonmagnetic inorganic insulating material thin film for coil laying under the ground which makes said Si02 a 
principal component, are small, and The thin film magnetic head characterized by constituting the thin film 
magnetic head from a coefficient of thermal expansion of the nonmagnetic inorganic insulating material thin 
film for coil laying under the ground which makes a principal component Si02 which the coefficient of 
thermal expansion described above using the nonmagnetic inorganic insulating material thin film which shows 
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the value near the coefficient of thermal expansion of the substrate made from non-magnetic-material 

material is offered. 

[0022] 

[Function] As nonmagnetic inorganic insulating material thin films other than an inorganic insulating material 
thin film nonmagnetic [ for coil laying under the ground ] Compared with the film internal stress of the 
nonmagnetic inorganic insulating material thin film for coil laying under the ground which makes a principal 
component Si02 which film internal stress described above, are small. Moreover, the etch rate at the time of 
the reactive ion etching by the etching gas of a fluorine system Compared with the etch rate of the 
nonmagnetic inorganic insulating material thin film for coil laying under the ground which makes said Si02 a 
principal component, are small. And by having used the nonmagnetic inorganic insulating material thin film 
which shows the value near [ coefficient of thermal expansion / of the nonmagnetic inorganic insulating 
material thin film for coil laying under the ground which makes a principal component Si02 which the 
coefficient of thermal expansion described above ] the coefficient of thermal expansion of the substrate 
made from non-magnetic-material material All the nonmagnetic inorganic insulating material thin films used 
by the thin film magnetic head Even if compressive stress carries out ******** reduction and it passes 
through the process at the time of manufacture of the thin film magnetic head heated compared with the 
case where it considers as the nonmagnetic inorganic insulating material thin film which makes Si02 a 
principal component, problems, such as degradation of the magnetic properties of film exfoliation, a substrate 
crack, and a magnetic film, do not arise. 
[0023] 

[Example] Hereafter, with reference to an accompanying drawing, the concrete contents of the thin film 
magnetic head of this invention are explained in detail. Drawing 1 and drawing 2 are drawings showing the 
manufacture process of the outline of the thin film magnetic head used for explanation of the thin film 
magnetic head of this invention. The thin film magnetic head of this invention on the substrate 1 made from 
magnetic-substance material The lower magnetic core 3, The middle magnetic core 10 prepared in order to 
make the end section of the up magnetic core 1 6 and both the magnetic cores 3 and 1 6 of the 
aforementioned upper part and the lower part constitute a magnetic opening, The joint magnetic path 1 1 
which connects the aforementioned upper part and the other end of both the lower magnetic cores 3 and 1 6, 
The space between both the magnetic cores of said upper part and lower part to the space circles included 
at least by making the position of the aforementioned joint magnetic path 1 1 into a winding center position 
So that it may be in the state where it is prepared in the state where the coil 14 which has a predetermined 
coil pattern was laid underground into the nonmagnetic inorganic insulating material thin film 12 The 
nonmagnetic inorganic insulating material thin film 12 equipped with the slot 13 where the coil which has a 
predetermined coil pattern by filling up with conductor material is constituted in the nonmagnetic inorganic 
insulating material thin film 12 for coil laying under the ground, Nonmagnetic inorganic insulating material thin 
films 2, 9, 15, and 17 other than inorganic insulating material thin film 12 [ nonmagnetic / for said coil laying 
under the ground ] carry out a laminating like necessary, and are constituted. For example, it sets to the thin 
film magnetic head which is illustrated by the cross section of (i) of (h) and drawing 2 of drawing 1 . The 
nonmagnetic inorganic insulating material thin film 12 equipped with the slot 13 where the coil which has a 
predetermined coil pattern by filling up with said conductor material is constituted in the nonmagnetic 
inorganic insulating material thin film 12 for coil laying under the ground As nonmagnetic inorganic insulating 
material thin films 2, 9, 15, and 17 other than inorganic insulating material thin film 12 [ nonmagnetic / for coil 
laying under the ground which described Si02 above, using the nonmagnetic inorganic insulating material thin 
film made into a principal component ] Compared with the film internal stress of the nonmagnetic inorganic 
insulating material thin film 12 for coil laying under the ground which makes a principal component Si02 
which film internal stress described above, are small. Moreover, the etch rate at the time of the reactive ion 
etching by the etching gas of a fluorine system Compared with the etch rate of the nonmagnetic inorganic 
insulating material thin film 12 for coil laying under the ground which makes said Si02 a principal component, 
are small. And it constitutes from a coefficient of thermal expansion of the nonmagnetic inorganic insulating 
material thin film 1 2 for coil laying under the ground which makes a principal component Si02 which the 
coefficient of thermal expansion described above using the thin film (for example, thin film of aluminum 203) 
of the nonmagnetic inorganic insulating material which shows the value near the coefficient of thermal 
expansion of the substrate made from non-magnetic-material material. 

[0024] First it is as follows when the case where the thin film magnetic head of this invention is produced as 
the thin film magnetic head of a composition mode as shown in (h) of drawing 1 is explained with reference to 
drawing 1 . It is the substrate made from a non-magnetic material (or substrate made from a nonmagnetic 
insulating material) for which 1 is used as a substrate of the thin film magnetic head in drawing 1 . as the 
substrate 1 made from the aforementioned non-magnetic material — the wafer (or the wafer of BaTi03 — ) 
of CaTi03 or — or the wafer of aluminum203-TiC material — {which a suitable material can choose from 
the other materials, and can be used — in addition the above-mentioned material also as a material of the 
substrate 1 made from a non-magnetic material in the thin film magnetic head of a composition mode as 
shown in (i) of drawing 2 can be used — } . 

[0025] The substrate 1 shown in (a) of drawing 1 is a substrate made from a non-magnetic material like 
CaTi03. for example, the thin film of aluminum 203 of 1 micrometer - 10 micrometers thickness is made to 
form as a nonmagnetic inorganic insulating material thin film 2 on the aforementioned substrate 1 using 
vacuum membrane formation technology, such as a vacuum deposition method or the sputtering method As 
a component of the aforementioned thin film 2, selection use of the material suitable [ from ] among the 
nonmagnetic inorganic insulating materials of Ti02 and Zr02 grade may be carried out besides 
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aluminum203**. Although the thin film of aluminum 203 is formed, when setting argon gas pressure of the 
membrane formation interior of a room to 5mm Torr, supplying IkW power using a 5 inches target and 
forming membranes at a room temperature by the sputtering method, the compressive stress of the thin film 
of formed aluminum 203 was eighth power the dyne/square centimeter of 10 to apply three. Moreover, 
although the thin film of Ti02 is formed, when setting argon gas pressure of the membrane formation interior 
of a room to 1 5mm Torr, supplying 0.6kW power using a 6 inches target and forming membranes at a room 
temperature by the magnetron sputtering method, the compressive stress of the thin film of formed Ti02 
was eighth power the dyne/square centimeter of 1 0 to apply seven. 

[0026] On the nonmagnetic inorganic insulating material thin film 2 which consists of a thin film of aluminum 
203 which carried out like previous statement and was made to form on a substrate 1, the lower magnetic 
core 3 as shown by three in (a) of drawing 1 is formed as follows, for example, that is, vacuum membrane 
formation technology, such as a vacuum deposition method or the sputtering method, is applied, and a 
magnetic film is made to form first all over the nonmagnetic inorganic insulating material thin film 2 which 
consists of a thin film of aluminum 203 described the front Said magnetic film uses magnetic materials, such 
as amorphous one of for example, Co system, and FeTaN, for example, is formed with the thing of 4 
micrometers - 5 micrometers thickness. Next, a photoresist layer is made to form for example, by the spin 
coat method all over the aforementioned magnetic film, as the aforementioned photoresist and the 
photoresist currently used at each process mentioned later — Tokyo — Adaptation — OFPR-800 of make 
can be used 

[0027] And the well-known photolithography method is applied to the aforementioned photoresist layer. After 
making the mask pattern of the configuration of the lower magnetic core 3 form by the photoresist layer 
through the exposure and the development to a photoresist layer Application of dry etching meanses, such 
as for example, ion beam milling, removes the portion which is not covered with the photoresist layer in the 
aforementioned magnetic film. On the nonmagnetic inorganic insulating material thin film 2 which consists of 
a thin film of aluminum 203 made to form on a substrate 1, the lower magnetic core 3 is formed as shown in 
(a) of drawing 1 . In addition, (a) of drawing 1 is drawing of longitudinal section in the A-A line position in the 
plan shown by (b) of drawing 1 . 

[0028] Next, a material while a plan is shown by (b) of drawing 1 , as drawing of longitudinal section indicated 
to be by (a) of drawing 1 is received, as a nonmagnetic inorganic insulating material — aluminum 203 — 
using — for example, a vacuum deposition method or the sputtering method ( — pattern with a good step 
coverage — receiving — good — of a coverage — for example) The thin film of the nonmagnetic inorganic 
insulating material which consists of a thin film of aluminum 203 is made to form as a thing of the thickness 
more than the thickness of said lower magnetic core 3 with vacuum membrane formation technology, such as 
the bias sputtering method for having impressed RF bias to the substrate. Subsequently, as the portion in 
the thin film of the nonmagnetic inorganic insulating material which consists of a thin film of said aluminum 
203 which is rising is ground and it is shown in (c) of drawing 1 The material in the state where it has 
exposed from the thin film 9 of the nonmagnetic inorganic insulating material which it is in the state laid 
underground into the thin film 9 of the nonmagnetic inorganic insulating material which the lower magnetic 
core 3 becomes from the thin film of aluminum 203, and the upper surface of the lower magnetic core 3 
becomes from the thin film of aluminum 203 is obtained. 

[0029] Next, use magnetic materials, such as amorphous one of for example, Co system, and FeTaN, for 
example, the magnetic film of 4 micrometers - 5 micrometers thickness is made to form all over the material 
shown in (c) of drawing 1 . and, subsequently a photoresist layer is made to form for example, by the spin 
coat method all over the aforementioned magnetic film. Apply the well-known photolithography method to the 
aforementioned photoresist layer, and exposure and a development are given to a photoresist layer. After 
making the mask pattern equipped with the configuration of the middle magnetic core 10 and the joint 
magnetic path 1 1 form by the photoresist layer The portion of the magnetic film which is not covered with 
the mask pattern by the aforementioned photoresist layer is removed with the application of dry etching 
meanses, such as for example, ion beam milling. The material in the state where the middle magnetic core 10 
and the joint magnetic path 11 are formed in the ends of the lower magnetic core 3 of the aforementioned 
magnetic film is obtained. 

[0030] Subsequently, using vacuum membrane formation technology, such as a vacuum deposition method or 
the sputtering method, by for example, the nonmagnetic inorganic insulating material which makes Si02 a 
principal component After making the thin film of the thickness more than the thickness of said middle 
magnetic core 10 and joint magnetic path 11 form to the aforementioned material, the portion in the thin film 
of the nonmagnetic inorganic insulating material which makes above Si02 a principal component which is 
rising is ground. The middle magnetic core 10 and the joint magnetic path 1 1 Si02 in the state where it was 
laid underground into the thin film 1 2 of the nonmagnetic inorganic insulating material made into a principal 
component And the upper surface of the upper surface of the middle magnetic core 10 and the joint 
magnetic path 1 1 obtains the material in the state where Si02 is exposed from the thin film 12 of the 
nonmagnetic inorganic insulating material made into a principal component, i.e., a material as shown in (d) of 
drawing 1 . In addition, (d) of drawing 1 is drawing of longitudinal section in the A-A line position in the plan 
shown by (e) of drawing 1 . 

[0031] Next, while a plan is shown by (e) of drawing 1 , after making a photoresist layer form for example, by 
the spin coat method on the field of a material as drawing of longitudinal section indicated to be by (d) of 
drawing 1 , the well-known photolithography method is applied to the aforementioned photoresist layer, and 
the mask pattern which has a desired coil pattern is made to form by the photoresist layer through the 
exposure and the development to a photoresist layer. And dry etching by the reactive-ion-etching method is 
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performed, and said desired coil pattern, the corresponding slot 13, and 13 — are made to form using the 
mask pattern which has the coil pattern of the aforementioned request into the thin film 1 2 of the 
nonmagnetic inorganic insulating material which makes said Si02 a principal component. 
[0032] It considers as a member, namely, the material in which the mask pattern which has the 
aforementioned coil pattern was prepared — etchingred — After laying on the electrode in a membrane 
formation room (vacuum envelope) and sealing a vacuum envelope After starting a vacuum pump and 
performing exhaust air operation in a vacuum envelope, etching gas (for example, etching gas of fluorine 
systems, such as fluorocarbon like CHF3 and CHF4) is introduced in a vacuum envelope from the container 
of the etching gas made into the source of etching gas. The pressure of the etching gas in a vacuum 
envelope is made proper, you make inter-electrode start supply of RF power from a RF generator, the 
plasma of the etching gas of fluorine systems, such as fluorocarbon, makes it generate, and the plasma of 
said CHF3 gas performs dry etching by the reactive-ion-etching method to the thin film 12 of the 
nonmagnetic inorganic insulating material which makes a principal component Si02 in the etched member 
currently laid on the electrode. A slot 13 and 13 — are formed in the thin film 12 of the nonmagnetic 
inorganic insulating material which makes said Si02 a principal component by that cause as shown in (f) of 
drawing 1 . 

[0033] As it is the above, if the slot 13 of the predetermined depth and 13 — are constituted by the thin film 
12 of the nonmagnetic inorganic insulating material which makes Si02 a principal component, etching 
operation currently performed within the vacuum envelope will be stopped, a material will be taken out out of 
a vacuum envelope, and the mask member by the photoresist layer left behind to the material will be 
removed. Subsequently, after making the thin film of an electrical conducting material, for example, copper, 
put with vacuum membrane-formation technology, it grinds all over the material in the state where of a slot 
be / under / nonmagnetic insulating material inorganic thin film / which makes said Si02 a principal 
component / 12 / correspondence ] 13, and 13 — were prepared with a coil pattern so that it may be in the 
state where of the front face of a nonmagnetic inorganic insulating material thin film 12, the front face of a 
middle magnetic core 10 and a joint magnetic path 11, etc. which make above A material as shown in (f) of 
drawing 1 which it changed into the state where the electrical conducting material 14 was filled up with the 
coil pattern in the nonmagnetic inorganic insulating material thin film 12 which makes a principal component 
Si02 which this described above, the corresponding slot 13, and 13 — is obtained. In addition, (f) of drawing 
I is drawing of longitudinal section in the A-A line position in the plan shown by (g) of drawing 1 . 
[0034] Next, in order to make the magnetic opening section of magnetic predetermined opening length form 
in the front face of a material as shown in (f) of drawing 1 For example, vacuum membrane formation 
technology, such as a vacuum deposition method or the sputtering method, is used. After making the thin 
film 1 5 of the nonmagnetic inorganic insulating material which consists of a thin film of aluminum 203 
constitute, vacuum membrane formation technology, such as a vacuum deposition method or the sputtering 
method, is applied on the field of the aforementioned material. All over the nonmagnetic inorganic insulating 
material thin film 15 which consists of a thin film of said aluminum 203, magnetic materials, such as 
amorphous one of for example, Co system and FeTaN, are used. For example, the magnetic film of 4 
micrometers - 5 micrometers thickness is made to form, next a photoresist layer is made to form for 
example* by the spin coat method all over the aforementioned magnetic film. 

[0035] And the well-known photolithography method is applied to the aforementioned photoresist layer. After 
making the mask pattern equipped with the configuration of the up magnetic core 1 6 form by the photoresist 
layer through the exposure and the development to a photoresist layer The portion which is not covered with 
the photoresist layer in the aforementioned magnetic film for example, by removing by application of dry 
etching meanses, such as ion beam milling On the nonmagnetic inorganic insulating material thin film 1 5 
which consists of a thin film of aluminum 203, the up magnetic core 1 6 is formed as shown in (h) of drawing 
1 . Next, after making it be in the state where it was laid underground by the nonmagnetic inorganic insulating 
material which the up magnetic core 16 becomes from the thin film of aluminum 203 with vacuum membrane 
formation technology^ [ for example, ] In the state where it was laid underground into the nonmagnetic 
inorganic insulating material thin film 1 7 which the portion in the nonmagnetic inorganic insulating material 
which consists of a thin film of the aforementioned aluminum 203 which is rising is ground, and the 
aforementioned up magnetic core 16 becomes from the thin film of aluminum 203 And a material as shown in 
(h) of drawing 1 made into the state where it has exposed from the nonmagnetic inorganic insulating material 
thin film 17 which the upper surface of the up magnetic core 16 becomes from the thin film of aluminum 203 
is obtained. 

[0036] subsequently to the material of the state by which it is shown in (h) of drawing 1 , membrane 
formation technology, photolithography technology, etching technology, etc. are applied, prepare the through 
hole section in the leader of a coil pattern, and the trailer of a coil pattern, form lead wire, or bonding putt is 
made to form, or the nonmagnetic inorganic insulating material thin film which consists of a thin film of 
aluminum203 is made to form as a protective coat, and the thin film magnetic head is completed 
[0037] Next, as the thin film magnetic head of a composition mode as shown in (i) of drawing 2 , the case 
where the thin film magnetic head of this invention is produced is explained with reference to (a) - (i) of 
drawing 2 . In each sequential process shown in (a) - (i) of drawing 2 , since the content of explanation of (a) 
of drawing 2 , (b), and a corresponding process is completely the same as the content of the process 
mentioned already with reference to (a) of drawing 1 , and (b), the concrete description is omitted. It is 
shown in (a) of drawing 2 , and (b), for example, on the nonmagnetic inorganic aluminum20 insulating material 
thin film 2 which was made to form on a substrate 1 made from a non-magnetic material like CaTi03 and 
which consists of a thin film of 3 For example, magnetic materials, such as amorphous one of Co system and 
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FeTaN, are used. For example, the materia, m- tt .has i*e lower ^S^JSSX reTel^e thin 

method or the sputtering method, using 

aluminum 203 as a inorganic insulating material which 

[0038] Subsequently, as the portion ,n the "^Snd and it is shown in <o) of drawing The 

consists of a thin film of sa,d aluminum 203 ™' n AS in 7d from the front face of the thin film 9 of a 

material in the state of being n the Posit'on o F deltaH ,s ob Wmed ' d int0 „,„ ^ r<lm 9 of the 

nonmagnetic inorganic insu ating materia where is .n 0 3 beicomes from the thin film of 

is shown in (c) of dram^l for example, by ^*W 0 °*^™™^ 9l t1t are given to a photores.st 
method to the aforementioned Ph°tores st ^'^^^^ of the middle magnetic core 1 0 and the 
layer. After making the mask pattern equipped with the ' ^J^™^ tnin film 9 of the nonmagnetic 
joint magnetic path 1 1 form by the photoresj layer The portion ot the ^ ^ ^ 

norganic insulating material which consists " a thin film or a 'J.™ deltaH from a front face For 
mask pattern by the aforementioned photoresist layer by Mr. ruKasni or aeix 

example The materia, of the state by which it is j^"™™'.* "J mlddt^SSeVc core 10 and the 
£nfm^ ISZFnFJS^.to. aPP^tion of dry etching meanses, 

- -raSSS^^J^^ ^SalTt^^teri, 
example, the magnetic film of 4 aerometers - 5^ for tef by the spin 

shown in (d) of aVawin^l and, ""^^ photolithography method to the 

coat method all over the ?°™™ n * 0 ™ d ™^J ] ™ de^^m^nt are given to a photoresist layer. After 
aforementioned photores.st ^^^^"J^^^S^Me magnetic core 10 and the joint 
making the mask pattern equipped with the con ^ a *'°" *f th e rnagnetic film by the aforementioned 
magnetic path 1 1 form , by -the ^^JSS^rS^Z out Ts removed with the application of dry . 
photoresist layer by which mask pattern ****** ^1 The material in the state where the middle magnetic 

iSSHJSSS^^ ^^^^^^^ or 

the sputtering method, by for example " onm ^^^^t^ e th e thickness of said middle 
principal component After making the the portion in the thin film 

magnetic core 10 and joint magnet, 9£*"*3^ Si02 a principal component whichjs 

of the nonmagnetic inorganic insulating material I which a . ^ 1t si02 in the state where it was 

rising is ground. The middle magnetic core 10 and the uo.nt ma ^ ,c materia , made into a principal 

laid Underground into the thin film 1 J*^™^ TJPSS^M^SSSao core 10 and the joint 
component And the upper surface of the upper £™ e * ™ £ | from the thin fi|m 12 of the 

magnetic path 11 obtains the material in .^e Jtate w here b u«< » q p . a materia , as shown in (e of 
Z^JSSZ StffiSK ^^VS^^o. in the A-A line position in the plan 

the spin coat method on the field of a matenal as drawing : °T »ng orementione d photoresist layer, and 
drawing 2 . the well-known P h °t ol * ho / a P^^^ photoresist layer through the 

tfie mask pattern which has a desired coil patter n is^ made tc iTorm oy p ^ gag of fluonne 

exposure and the development to a photores.st !^ "J'^'g performed, and said desired coil 
systems, such as fluorocarbon by ^7^^ P attern which , haS *" f- . 

rennet ^^^^^^^^2 a principa, component by that cause as 

shown in (g) of drawjng_2 . „ rt „ ma „ n p+;r- inorganic insulating material which uses the 

[0043] As opposed to the thin film 12 of the ' nonmagnetK = ,nor f^ c k ^ i02 J principa | component Although 
etching gas f ^ materia, which makes Si02 a 

etch ng operation to the thin film M ot tne nonn '* B "~ , ? h nerforming dry etching by the 
principal component by the early etch rate can ^gj™* ^ ^no^K-tic inorganic insulating material 
reactive-ion-etching method As opposed to the th.r frim » * ™ n ° y \ of the nonmagn etic inorganic 
which consists of a thin film of aluminum 203 P re ^° * y *J ™ " ching cauda d Since etching at an early 
insulating material which makes said S-02 a pnnc.pa^ ^^Zac!orZ S to the manufacture process 
speed is not performed, in mWacturing the thin "agn f^f* Q ^ condit ions of the dry 

ftcti^oy Z S^SS^S making said desired coi. pattern, the 



03/10/30 7.4: 



8/ 10 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgLei 



corresponding, predetermined slot 13 f and 13 — form into the thin film 12 of the nonmagnetic inorganic 
insulating material which makes Si02 a principal component becomes easy. 

[0044] After removing the mask member by the photoresist layer left behind to the material All over the 
material in the state where the slot [ be / under / nonmagnetic insulating material inorganic thin film / which 
makes said Si02 a principal component / 12 / correspondence / it ] 13, and 13 — were prepared with the 
coil pattern It grinds so that it may be in the state where a front face of the nonmagnetic inorganic insulating 
material thin film 12, a front face of the middle magnetic core 10 and the joint magnetic path 11, etc. which 
make above Si02 a principal component are exposed after making the thin film of an electrical conducting 
material, for example, copper, put with vacuum membrane formation technology. A material as shown in (g) of 
drawing 2 which it changed into the state where the electrical conducting material 14 was filled up with the 
coil pattern in the nonmagnetic inorganic insulating material thin film 1 2 which makes said Si02 a principal 
component the corresponding slot 13, and 13 — is obtained. In addition, (g) of drawing 2 is drawing of 
longitudinal section in the A-A line position in the plan shown by (h) of drawing 2 . 

[0045] next, make the thin film 15 of the nonmagnetic inorganic insulating material which consists of a thin 
film of aluminum 203 for making the magnetic opening section of magnetic predetermined opening length 
form in the front face of a material as shown in (g) of drawing 2 constitute, or On the nonmagnetic inorganic 
insulating material thin film 15 which consists of a thin film of said aluminum 203 Obtain a material as will be 
in the state where it was laid underground by the nonmagnetic inorganic insulating material which the up 
magnetic core 1 6 becomes from the thin film of aluminum 203 and shown in (i) of drawing 2 , or [ making the 
up magnetic core 1 6 form ] As opposed to a material as shown in (i) of drawing 2 Membrane formation 
technology and photolithography technology. Etching technology etc. is applied, prepare the through hole 
section in the leader of a coil pattern, and the trailer of a coil pattern, or The point of making the 
nonmagnetic inorganic insulating material thin film which, and is made forming bonding putt or consists of a 
thin film of aluminum 203 forming as a protective coat, and making it complete the thin film magnetic head is 
the same as the place mentioned already about the process after (h) of drawing 1 . [ a thin film ] [ forming 
lead wire ] 

[0046] So that clearly from old explanation the thin film magnetic head of this invention The middle magnetic 
core 10 prepared in order to make the end section of the lower magnetic core 3 and the up magnetic core 
16 which are countered and arranged constitute a magnetic opening, The joint magnetic path 11 which 
connects the aforementioned upper part and the other end of both the lower magnetic cores 3 and 16, Both 
the magnetic cores 3 of said upper part and lower part, and the space between 1 6 to the space circles 
included at least by making the position of the aforementioned joint magnetic path 1 1 into a winding center 
position So that it may be in the state where it is prepared in the state where the coil 14 which has a 
predetermined coil pattern was laid underground into the nonmagnetic inorganic insulating material thin film 
12 By using the nonmagnetic inorganic insulating material which makes Si02 a principal component as a 
material of the nonmagnetic inorganic insulating material thin film 1 2 for coil laying under the ground in which 
the slot 13 where it fills up with conductor material should be established The slot 13 which should be 
established in said nonmagnetic inorganic insulating material thin film 12 for coil laying under the ground by 
application of the reactive-ion-etching means by the etching gas of fluorine systems, such as fluorocarbon, 
by the early etch rate and as nonmagnetic inorganic insulating material thin films 2, 9, 15, and 17 other than 
inorganic insulating material thin film 1 2 [ nonmagnetic / for coil laying under the ground which could form 
the slot of the shape of a good quirk easily, and was described above ] Compared with ninth power the 
dyne/square centimeter of 10 which the nonmagnetic inorganic insulating material which makes a principal 
component Si02 used for said nonmagnetic inorganic insulating material thin film 12 for coil laying under the 
ground applies film internal stress 1-5, it has small film internal stress (eighth power the dyne/(square 
centimeter) of 10 applied three). Moreover, the etch rate at the time of the reactive ion etching by the 
etching gas of fluorine systems, such as fluorocarbon Compared with the etch rate of the nonmagnetic 
inorganic insulating material thin film 12 for coil laying under the ground which makes said Si02 a principal 
component, are small like about 1/10. The nonmagnetic inorganic insulating material thin film 12 for coil 
laying under the ground which makes a principal component Si02 which the coefficient of thermal expansion 
described above coefficient-ofHihermal-expansion 5-10 and rather than the value of the seventh power of 
minus of 10 to apply The coefficient of thermal expansion near the value of the seventh power of minus of 
the substrate made from non-magnetic-material material (ceramic substrate) of 10 applied 
coefficient-of-thermal-expansion 100 value 40-60 by having used aluminum 203 which shows the seventh 
power of minus of 10 to apply Even if it passes through the process at the time of manufacture of the thin 
film magnetic head heated, problems, such as degradation of the magnetic properties of film ablation, a 
substrate crack, and a magnetic film, can be prevented from being generated. 

[0047] Moreover, the following advantages are also acquired when aluminum 203 is used on the occasion of 
operation of the thin film magnetic head of this invention as a component of nonmagnetic inorganic insulating 
material thin films 2, 9, 15, and 17 other than inorganic insulating material thin film 12 [ nonmagnetic / for coil 
laying under the ground ]. That is, to form the nonmagnetic inorganic insulating material thin film which 
covers the magnetic film of the thin film magnetic head in the state good also about the level difference 
portion of a magnetic film is needed. Then, making the state where the level difference portion of a magnetic 
film was also covered with the nonmagnetic inorganic insulating material thin film good constitute using the 
bias sputtering method with a good step coverage is performed. By the way, if a thin film is made to form 
with the application of the bias sputtering method, generally membrane stress will increase. However, as for 
the thin film of aluminum 203 made to form using the bias sputtering method, it is possible to make it form 
as a thin film of low membrane stress. Moreover, when the thin film magnetic head is used as a thin film head 
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for fixed-disk driving gears (HDD) since the thin film of aluminum 203 is excellent also in the mechanical 
property ft exampl!" he result also with a good contact start stop (CSS) exam.nat.on ,, obta.ned. 

rEfftct of the Invention] So that clearly from the place explained in detail as mentioned above, in the thirv- 
film Emetic fheaTof this invention All the nonmagnetic inorganic insulating matenal thin films used by the 
film magnetic neao ot xnis . _ tr * carries out ******** reduction and it passes through the 

suchas degradation of the magnetic properties of a magnetic, film. 



[Translation done.] 
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